Morphometric analysis of the inferior vena cava related to the lumbar vertebra and the aortic bifurcation on multidetector computed tomography (MDCT). Int. J. Morphol., 34(2):620-627, 2016.
INTRODUCTION
The lumbar spine surgery is one of the surgical technique between one or more of the first lumbar and the first sacral vertebra (L1-S1). The most common lumbar spine surgeries include the lumbar fusion, disc arthroplasty, herniation and intradiscal electrothermal annuloplasty (Inamasu & Guiot, 2006) . The rate of lumbar spine surgery has increased since 80s even more in 90s (Malhotra et al., 2015; Weinstein et al., 2006) . Radiological studies indicate that vascular structures such as the inferior vena cava (IVC) and the abdominal aorta (AA) have significant variability in their relation to the lumbar vertebra (Kleeman et al., 2002) . Therefore, vascular structures are in greater danger and intraabdominal vascular injuries possibly even lead to death during these procedures (Asensio et al., 2000) . Injuries that occur in the upper lumbar region between the second lumbar vertebra and the fourth lumbar vertebra (L2-L4) mainly cause damage to the AA and the IVC (Vaccaro et al., 2012) .
Spine surgeries can be performed near the anterior, anterolateral (retroperitoneal) or posterior regions. Especially anterior spine surgery is a commonly accepted method, as it causes less morbidity compared to conventional surgery (Kornreich et al., 1998) . However, vascular bleeding is the catastrophic complication associated with the anterior spine surgery. Although arterial injuries can be repaired by clamping, vascular injuries are difficult to repair and it needs grafting and ligation to control. Injury to sympathetic trunk is also other complication of this type of surgery (Vaccaro & Bono, 2007) .
In this study, we aimed measuring the values of the morphometric data, such as distance and location of the IVC according to the lumbar vertebra, the aortic bifurcation (AB) and the AA and comparing with the demographic values of sex, height, body weight and age.
MATERIAL AND METHOD
This study was performed on radiologic images, taken for various medical reasons (leukemia, colon cancer, acute pancreatitis, abdominal pain, liposarcoma etc.), of 200 cases (100 male and 100 female). Images were obtained using a 64-slice multidetector row CT machine. The cases with cardiovascular pathology, disc herniation and spinal disorders were excluded from the study. The study cases ranged in age from 50-84 years and their sex, height, weight and body mass index were recorded. The morphometric data in the axial, sagittal and the coronal sections were obtained. Ethical approval of the study was obtained from the NonInvasive Clinical Research Ethics Committee (ethical clearance number: 2013/480). After determining the iliocaval confluence (IC) as the confluence of the medial sides of the two common iliac veins, the following measurements were carried out. First, the distance between the posterior surface of the IC and the anterior surface of the lumbar vertebra (IVCilio) was horizontally measured on the sagittal reformatted image, after being identified the IC on the axial reformatted image (Figs.  1 and 2 ). In addition, the distance from the IVC to the first (IVC-L1), second (IVC-L2), third (IVC-L3) and the fourth lumbar vertebral body (IVC-L4) and the promontory level (IVC-PR) were measured in a manner similar to the previous measurement made (Fig. 1) . The distance from the IVC to the fifth lumbar vertebral body (IVC-L5) was excluded because of the close proximity of the vessel and the vertebra. Third, vertical and vector distances between the IC and the AB were measured on the coronal reformatted image, after being identified on the axial reformatted image . Oblique distance was measured as the vector distance between the IC and the AB (VeIC) (Fig. 3) . To measure the vertical distance, a vertical line was drawn from the AB to the point where intersected with the horizontal line that was drawn from the IC. The height of the vertical line was identified as the vertical distance between the IC and the AB (VIC) (Fig. 4) . Fourth, the level of the IC according to the lumbar vertebra (LeIC) was first identified on the sagittal reformatted image. Afterwards, that lumbar vertebra was divided into 3 parts (upper, middle and lower third) according to appearance of the transverse process on the axial reformatted image to determine the exact level of the IC (Figs. 1 and 2 ).
The lumbar vertebra, identified as the level of the IC on the sagittal reformatted image, was also vertically divided into 3 parts (left, median and right third) on the coronal reformatted image to identify the localization of the IC according to the vertebral column (LoIC) (Figs. 1-3) .
Lastly, the localization of the IVC was indicated as being on the right or left side of the AA (IAA) and the localization of the IC was indicated as being above, below or parallel with the AB (IAB) on the coronal reformatted image (Fig. 3) . Finally, all data were entered into SPSS (Version 15.0).
RESULTS
The independent t-test was used to measure the demographic values of age, height and weight of the cases. According to results, the mean age of the cases were 62.09±7.82 in males (range 50-78) and 60.75±7.16 in females (range 50-84), height was 170.56±6.37 cm in males (range 155-195 cm) and 156.61±16.82 cm in females (range 145-175 cm) and weight was 74.7±13.24 kg in males (range 47-120 kg) and 74.83±12.21 kg in females (range 50-110 kg in females). The cases were divided into 3 different age groups (50-59, 60-69 and ≥70). According to the SPSS frequency analysis, the percentage of the samples based on age groups was 41 % (n= 82; males, n= 38, females, n= 44) for 50-59, 44 % (n= 88; males, n= 44, females, n= 44) for 60-69 and 15 % (n= 30; males, n= 18, females, n= 12) for ≥70.
Minimum, maximum and mean values were calculated and the standard deviations of parameters (IVCilio, IVC-L1, IVC-L2, IVC-L3, IVC-L4, IVC-PR, VeIC and VIC) were determined. According to results, the mean values and standard deviations of parameters were 5.7±3.5 mm for IVCilio, 23.8±6.4 mm for IVC-L1, 11.6±5.4 mm for IVC-L2, 9.8±4.3 mm for IVC-L3, 6.2±3.8 mm for IVC-L4, 62.3±15.7 mm for IVC-PR, 29.2±7.9 mm for VeIC and 20.0±9.0 mm for VIC (Table  I) .
The mean values, standard deviations and the significance levels of obtained data based on sex were evaluated using the independent t-test. It was determined that there were statistically high significant differences between measurements of males and females for IVC-L1 and IVC-L2 (males: 26.5 and 18.1 mm; females: 21.1 and 14.2 mm), while statistically significant differences were present between the measurements of males and females for IVCilio, IVC-L3 and IVC-L4 (males: 6.5, 10.5 and 6.9 mm; females: 4.9, 9.1 and 5.5 mm) ( Table I ).
The correlation analysis and significance levels were also evaluated between obtained data and demographic values (age, height and weight) based on sex using the SPSS correlation analysis. According to results, there were a statistically significant difference and a positive correlation between age and IVC-L4, negative correlations between age and IVC-PR and VIC, a statistically high significant difference and a negative correlation between age and VeIC in males, whereas a statistically high significant difference and a negative correlation between age and VIC in females.
A statistically high significant difference and a negative correlation between height and IVCilio in females were found.
Statistically high significant differences and positive correlations were found between weight and IVC-L2 and IVC-L3 in males, while statistically significant differences and positive correlations were found between weight and IVCilio and IVC-L3 in females (Table II) .
In this study, LeIC was found to be at the level of the L3, L3-L4, L4, L4-L5, and L5 in 1 % (n= 2), 10 % (n= 20), 64 % (n= 128), 16.5 % (n= 33), and 8.5 % (n= 17) cases, Table I . Mean values and inter-gender significance levels of the data obtained from all cases (n= total number of cases, Mean±SD= mean value ± standard deviation, p= significance level, mm= millimeter). 1= Statistically significant difference found using p <0.05. 2= Statistically high significant difference found using p <0.01. Table II . The correlations between all the data obtained and the demographic values based on gender (n= total number of cases, r= correlation, p= significance level).
3= Correlation is significant at the 0.05 level (2-tailed). 4= Correlation is significant at the 0.01 level (2-tailed). respectively. In order to confirm the reliability of the obtained results, the level of the AB according to the lumbar vertebra (LeAB) was determined in the same cases. Accordingly, LeAB was found to be at the level of the L3, L3-L4, L4, L4-L5 and L5 in 15 % (n= 30), 15 % (n= 30), 63.5 % (n= 127), 3.5 % (n= 7) and 3 % (n= 6) of the cases, respectively. In totally LeIC was measured in 42.5 % (n= 85) of the samples at the lower third of the L4. The next common level of LeIC measured in 16.5 % (n= 33) of the samples was determined at the level of the L4-L5 disc space. The level of the AB (LeAB) was also measured and found at the middle third of the L4 in 26.5 % (n= 53) of the samples. The next common level of LeAB was found in 20.5 % (n= 41) of the samples at the level of the upper third of the L4 according to the SPSS frequency analysis (Table III) .
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LeIC and LeAB were determined separately in males and females. LeIC was most commonly seen at the lower third of the L4, being at the L4 in 60 % (5 upper third, 9 middle third and 46 lower third) of males and 68 % (15 upper third, 14 middle third and 39 lower third) of females in total; whereas LeAB was most commonly seen at the middle third of the L4, being at the L4 in 70 % (21 upper third, 30 middle third and 19 lower third) of males, and 57 % (20 upper third, 23 middle third and 14 lower third) of females in total (Table III) .
LeIC and LeAB levels of individuals were also evaluated in 3 age groups (50-59, 60-69 and ≥70) in order to determine if there was a relationship between LeIC/LeAB and age. In the measurements, LeIC was found in 32 % of males and in 18 % of females at the lower third of the L4 for the 50-59 age group, in 13 % of males at the level of L4-L5 disc space and in 15 % of females at the lower third of the L4 for the 60-69 age group, in 8 % of males at the upper third of the L5 and in 6 % of females at the lower third of the L4 for the ≥70 age group (Table IV) . LeAB was identified in 16 % of males and in 11 % of females at the middle third of the L4 and in 11 % of females at the level of the the L3-L4 disc space for the 50-59 age group, in 11 % of males at the middle third of the L4 and in 12 % of females at the lower third of the L3 for the 60-69 age group and in 9 % of males at the lower third of the L4 and in 4 % of females at the upper third of the L4 for the ≥70 age group (Table V) .
LoIC was found on the right third in 73.5 % (n= 147), on the left third in 0.5 % (n= 1) and on the median third of the vertebral column in 26 % (n= 52) of the samples according to the SPSS frequency analysis (Fig. 5) . IAA was identified on the right side of the AA for all individuals. IAB was identified above in 1 % (n= 2), parallel in 2 % (n= 4) and below in 97 % (n= 194) of the samples according to the SPSS frequency analysis. 2  2  8  2  2  F emale 50-59  1  1  6  10  18  7  ------1  60-69  ---9  8  3  15  7  1  1  ---≥70 ------1 1 6 2 ---2 --- Table IV. The comparison between the level of the iliocaval confluence and age group based on sex (%).
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DISCUSSION
Degeneration of the lumbar vertebra and anatomic variations of the IVC lead to critical bleeding in the large vessels during anterior spinal surgery. Therefore, it is very useful to determine the location of large vessels and organs under the guidance of CT prior to surgical intervention (Koizuka et al., 2012) . In this study, the anatomic details concerning the distance from the IVC to the lumbar vertebra were measured. The literature review revealed that no studies have been conducted on the distance between the IVC and the lumbar vertebra. According to values of the present study, it was determined that the distance between the IVC and the lumbar vertebra was increased as the IVC ascended upwards in both sex. The IVC was also located further from the vertebra in males compared to females. This could be attributed to the degeneration that occurs in the vertebra of females during the postmenopausal period. Additionally, the IC was also located further from the vertebra in short compared to tall females and fat compared to thin females. More studies need to be done to determine the reason of that result (Table I and II) .
Lumbosacral fixation is the most common preferred method for lumbosacral pathologies. However, it leads to penetration of the anterior sacral cortex and damages to the neurovascular structures, due to failure to place the screw in the appropriate direction or at the appropriate depth. Ergur et al. (2007) performed an anatomic study on cadavers. The IC was reported to be above the promontory level, IVC-PR 39.4±10.6 mm, in all male cases. Similarly, the IC was found to be above the promontory level, in all cases in the present study (Table I) . Accordingly, age increase in males was determined to play a role in the approaching of the IC to the promontory level (Table II) . As a result, it is believed that the greater distance from the IC to the promontory level compared with the previous study could be associated with acquiring the data from two different sexs and performing the measurements on MDCT images. Kornreich et al. reported that the level of the IC descended from (L4-L5) to (L5-S1) due to age. Especially in older patients, the correlations of these veins and their distances between each other were of great importance during surgical interventions conducted at this level. VeIC was reported to be 19 mm by Pirró et al. (2005) and between 2 mm and 45 mm in 38 cases by Butoi et al. (2013) . The measurement of VeIC was found similar to the previous studies (Table I) . Although no study made about VIC was found during the literature review, it was measured so as to confirm the reliability of VeIC. According to our results, the AB and the IC were approached each other as the age increase (Table II) . It is believed that this result could be associated with the degeneration occurring in the vertebra due to old age.
During anterior approach, large surgical area is required to access to the L5-S1 disc space and the scope of intervention is limited by the IC and the AB. This situation potentially leads to severe venous wounds that result in morbidity and death. Additionally, the risk of injuries increases due to anatomic variations (Madi et al., 2006) . According to "Gray's Anatomy" and "Clinical Anatomy by Regions", LeIC is located in line with the L5 vertebra and just to the right of midline (Snell, 2008) . According to other studies where one conducted by Danetz et al. (2003) LeIC reported to be at the following levels: L5-S1 disc space in 3.8 %, L5 vertebral body in 80.8 %, L4-L5 disc space in 11.5 %, L4 vertebral body in 3.8 %; Koizuka et al. reported L3 vertebral 62.5 % of which is at the lower border of L4 vertebral body and 20.83 % at the upper border of L4 vertebral body, and 24 % at the L4 vertebral body; Lakchayapakorn & Siriprakarn (2008) reported L5 vertebral body in 69 %; Kawahara et al. (1996) reported L4-L5 disc space in 95 % or L5 vertebral body; Capellades et al. (2000) reported L4 vertebral body in 4-21 %; and Pirró et al. reported S1 vertebral body in 10 %. Our results were similar to the previous studies as the IC was determined at the lower third of L4 whereas the AB was seen at the middle third of L4. It is concluded that the IC was determined below the AB (Table III) .
A diverse set of opinions has been put forward about the variability of the IC, including ones that ascribe this variability to the difference of population involved in the studies or to the fact that venous vessels have quite a lot of variations in the body compared to the arterial vessels or to the increased degeneration in the intervertebral disc due to aging, which leads to the shortening of vertebral column and the pulling of the IC and the AB levels downwards (Appaji et al.) .
There are very few resources that show the differences of the IC in young and old cases. In a radiological study, MRI images of 134 patients with lower back pain were scanned, and LeIC was reported to vary according to age and sex (Capellades et al.) . Other studies reported the following: Pirró et al. reported that LeIC of geriatric cases was located lower; Moussallem et al. (2012) reported that the IVC was prolonged with age and that caused changing of the level of the IC; and Kornreich et al. reported that this prolongation was more apparent in females. As specified in literature, it was concluded that both LeIC and LeAB of males were descended downwards due to old age, however, LeIC of females remained at the same level regardless of age, and LeAB of females was ascended first due to age and then was descended more apparently after the age of 60. It is determined that no relation between the age and level of the IC found in females (Table IV and V). The reason behind this could be attributed to the individual differences in the rate of degeneration that occurs in vertebral column of females during the postmenopausal period. However, more studies must be conducted to make a final conclusion.
Besides, LoIC was monitored at the right third of all cases in the study by Pirró et al. and 60 % of cases in the study by Lakchayapakorn & Siriprakarn. Similar to these studies, LoIC was monitored at the right third in 73.5 % of the cases in this study (Fig. 5) .
In this study, IAB was found below the AB in 194 (97 %), parallel with the AB in 4 (2 %) and above the AB in 2 (1 %). 
RESUMEN:
Las estructuras vasculares corren gran peligro durante la cirugía lumbar. El propósito de este estudio fue describir la morfología de la vena cava inferior (VCI) en relación con las vérte-bras lumbares y la bifurcación aórtica (BA), junto con evaluar los valores demográficos de estas relaciones para disminuir el riesgo de complicaciones en las intervenciones quirúrgicas. Se utilizaron tomografías computadorizadas multidetector (TCMD) de 100 casos de hombres y mujeres entre 50 a 84 años de edad. Los valores morfométricos de la VCI se obtuvieron desde imágenes coronales y sagitales reformateadas, medidas y comparadas con los valores demográficos. Se midió la distancia de la VCI a la 1a (L1) y 2a vértebra lumbar (L2), en hombres de 26,5 mm y 18,1 mm respectivamente, y en mujeres de 21,1 mm y 14,2 mm, respectivamente, con un alto nivel de significancia entre el sexos. La distancia desde la VCI a la confluencia iliocava (CI), 3a (L3) y 4a vértebra lumbar (L4) fue para los hombres de 6,5 mm, 10,5 mm y 6,9 mm, respectivamente, y en mujeres de 4,9 mm, 9,1 mm y 5,5 mm respectivamente, con significancia entre los sexos. El nivel de la IC se detectó en 46 % de los varones y en el 39 % de las mujeres, a nivel de tercio inferior de L4. La distancia vertical entre la CI y la BA se tuvo una correlación negativa entre sexos en base a la edad. Los valores demográficos son importantes al considerar la relación de la VCI, las vértebras lumbares y la BA. La VCI se encuentra a una distancia mayor de las vértebras lumbares en hombres que en mujeres. El incremento de la edad jugó un papel importante en la aproximación de la BA y la IC, tanto entre sí como según sexo, con la CI a nivel del promontorio en los hombres.
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